The interaction and propagation ofB mesons with light mesons, N and ∆ is studied within a unitarized approach based on effective models that are compatible with chiral and heavy-quark symmetries. We find several heavy-quark spin doublets in the open-bottom sectors, whereB and B * mesons are present. In the meson sector we find several resonant states, among them, a B0 and a B1 with masses 5530 MeV and 5579 MeV as well as B * s0 and B * s1 narrow states at 5748 MeV and 5799 MeV, respectively. They form two doublets with no experimental identification yet, the first one being the bottom counterpart of the D0(2400) and D1 (2430) states, and the second bottom doublet associated to the ubiquitous D * s0 (2317) and the Ds1(2460). In the baryon sector, several Λ b and Σ b doublets are identified, among them the one given by the experimental Λ b (5910) and Λ * b (5921). Moreover, one of our states, the Σ * b (5904), turns out to be the bottom counterpart of the Σ * (1670) and Σ * c (2549), which is a case for discovery. We finally analyze different transport coefficients for theB meson in hot matter, such as formed in heavy-ion collisions at RHIC and LHC. For RHIC/LHC energies, the main contribution to the coefficients comes from the interaction ofB mesons with pions. However, we also include the effects of baryonic density which might be sizable at temperatures T 100 MeV, as the chemical potential is expected to increase in the last stages of the expansion. We conclude that although the relaxation time decreases with larger baryonic densities, theB meson does not thermalize at RHIC/LHC energies, representing an ideal probe for the initial bottom distribution.
I. INTRODUCTION
The properties of matter created in heavy-ion collisions (HICs) have been a subject of interest over the past decades. Most of the studies have been focused in the potential signatures and features of the deconfined phase, the quark-gluon plasma (QGP). For the characterization of this phase, hadrons with heavy flavor (charm or bottom) play a fundamental role as heavy quarks, produced in the early stage of the collision, can probe the formed medium during its entire evolution. When the medium cools down, the hadronization takes place and, after freeze-out, heavy-flavored hadrons are finally detected [1] . Therefore, heavy hadrons -such as D and B mesons-are considered to be an efficient and unique probe for testing the hot and dense medium created in HICs, in both QGP and hadronic phases.
Focusing on the latter, the diffusion of D mesons in hadronic matter was initially obtained within an effective theory that incorporates both chiral and heavy-quark symmetries [2] and also using parametrized interactions with light mesons and baryons [3] . Moreover, effective Lagrangians at leading order were used to obtain the scattering amplitudes of D mesons with light mesons and baryons [4] . However, the need of unitarization was later pointed out in order to avoid unphysical large transport coefficients [5] and also next-to-leading order contributions were considered [5] [6] [7] .
More recently, the propagation of bottom mesons in matter, such as B mesons has been analyzed. The drag and diffusion coefficients of open bottom mesons in a hadronic medium of pions, kaons and etas was evaluated with the use of scattering lengths as dynamical input [8] . In that work, inelastic channels and nonperturbative processes were not taken into account. The non-perturbative character of the B meson interaction in a mesonic environment was addressed in Ref. [9] , and it was found to be relevant for the determination of the transport coefficients, as in the case of D mesons.
In this paper we aim at, first, analyzing the scattering ofB mesons with light mesons and baryons, such as N and ∆, within a unitarized approach in coupled channels taking, as bare interaction, effective models that are compatible with chiral and heavy-quark symmetries. Note that in this paper we study theB meson, the counterpart of the D meson in the bottom sector. In the meson sector, we extend the results of Ref. [9] including the coupled-channel structure of the interaction of B with pions, kaons, anti-kaons and etas (by also incorporating the interaction of B s with light mesons in the coupled channel structure). In the baryonic sector, we continue the study initiated in Ref. [10] with regard to the open-bottom baryon states in order to determine the scattering ofB mesons with N and ∆. We then obtain the transport coefficients for aB meson in this hadronic environment by making use of our previous knowledge of the scattering ofB mesons in matter. We present results for the diffusion and drag coefficients at zero baryochemical potential which can be used in transport calculations for high-energy collisions, such as those at the Relativistic Heavy Ion Coolider (RHIC) [11] or the Large Hadron Collider (LHC) [12] . Afterwards, we discuss the behavior of the relaxation time and the spatial diffusion coefficient for isentropic trajectories ranging from RHIC/LHC conditions to FAIR [13] at its top energy.
The paper is organized as follows. In Sec. II we study the interaction ofB mesons with light mesons, nucleons and ∆ within unitarized effective theories and present the dynamically-generated open bottom states. In Sec. III we introduce the relevant transport coefficients for heavy mesons and present our results as a function of temperature, baryochemical potential (or entropy per baryon) and the momentum of the heavy meson. Our conclusions are given in Sec. IV.
II. OPEN BOTTOM STATES
In this section we study the interaction ofB mesons with hadrons within a unitarized approach in coupledchannels based on effective models that are compatible with chiral and heavy quark symmetries, in particular heavy-quark spin symmetry (HQSS). The unitarization in coupled channels has proven to be very successful in describing some of the existing experimental data on baryon and meson states as dynamically generated states. These are obtained as poles of the scattering amplitudes in coupled-channel basis, that is usually characterized by different quantum numbers, such as bottom (B), charm (C), strange (S), isospin (I) and spin (J). We concentrate on the sectors with B = −1 and C = 0, whereB (and alsoB * ) mesons interact with light mesons as well as N and ∆ baryons.
The scattering amplitudes T for the interaction ofB mesons with light mesons and baryons follows the standard multichannel scattering (integral) Bethe-Salpeter (BS) equation,
where V is the potential resulting from the meson-meson (baryon-meson) effective Lagrangian and G is the twoparticle meson-meson (baryon-meson) propagator. The kernel V is a matrix that consists of all possible meson-meson (baryon-meson) transitions. We focus on the interaction ofB mesons with the pseudoGoldstone bosons (π, K,K and η) as well as with the lightest baryons (N and ∆). We make use of the effective model of Ref. [5, 9] for the interaction ofB mesons with light mesons, which is consistent with chiral and heavy-quark symmetries. For the scattering ofB mesons with baryons, we take into account the SU(6)×HQSS WT scheme of Refs. [10, [14] [15] [16] [17] . Similarly to the mesonmeson sector, the baryon-meson model fulfills chiral symmetry in the light-quark sector while heavy-quark symmetry constraints are respected in the heavy-quark sector. The details of these effective models will be given in the Secs. II A and II B.
The V kernel can be factorized in the on-mass shell [18] , so the scattering amplitudes T of Eq. (1) are the solutions of a set of linear algebraic coupled equations
where i and j indicate the initial meson-meson (baryonmeson) and final meson-meson (baryon-meson) systems, respectively. This approach is practically equivalent to the so-called N/D method [19] . In the on-shell ansatz, the two-particle propagators -often called loop functions-form a diagonal matrix G. The loop function reads
with the total four-momentum P related to the centerof-mass (C.M.) squared energy s by s = P 2 , and q being the relative four-momentum in the center-of-mass frame. The quantities m r and M r stand for the masses of the two particles propagating in the intermediate channel r, i.e, two mesons, or a meson and a baryon. The factor γ r has been introduced to account for the different normalization of the meson-meson and baryon-meson interactions. In fact, as we will see in the following subsections, γ r = 1 for the adimensional meson-meson V kernel while for the baryon-meson sector γ r = 2M r , with M r being the mass of the baryon. The meson-meson (baryon-meson) loop functions are divergent and are regularized by means of dimensional regularization.
In order to study the dynamically-generated resonances, we study both the first and second Riemann sheets of the C.M. energy √ s. The poles of the scattering amplitude on the first Riemann sheet that appear on the real axis below threshold are interpreted as bound states. The poles that are found on the second Riemann sheet below the real axis and above threshold are identified with resonances. Note that we often refer to all poles generically as resonances, regardless of their concrete nature, since usually they can decay through other channels not included in the model space. The mass and the width of the bound state/resonance can be found from the position of the pole on the complex energy plane. Close to the pole, the T -matrix behaves as
where, in the baryon-meson sector, z(s) = √ s and z R = M R −i Γ R /2 provides the mass (M R ) and the width (Γ R ) of the resonance, while g j e iφj (modulus and phase) is the (adimensional) coupling of the resonance to the channel j. In the usual parametrization for the mesonmeson scattering, z(s) = s and z R is the pole position in the s plane with a coupling with dimensions of energy.
A. Bottom meson resonances
The interaction between theB mesons and the pseudoscalar Goldstone bosons is given by the effective Lagrangian in Refs [5, [20] [21] [22] [23] . In particular we adapt the B-meson interaction from our past work [9] to the present case, where theB field is given byB = (B − ,B 0 ,B 0 s ). At leading-order (LO) in heavy-quark mass expansion and next-to-leading order (NLO) in the chiral expansion the tree-level scattering amplitude of aB meson interacting with light mesons reads
where p 1 and p 2 are the four-momenta of the incoming hadrons, p 3 and p 4 the outgoing momenta, and s = (p 1 + p 2 ) 2 and u = (p 1 − p 4 ) 2 . At LO in the heavy-quark expansion, the scattering amplitude forB * meson with light mesons coincides (modulus the polarization vectors) with the amplitude of Eq. (5). For completeness, we will thus also show the results in the J = 1 channel, with the only heavy-quark breaking effect being the physical masses of the bottom mesons.
The quantities C i are the isospin coefficients of the different scattering amplitudes ofB mesons with π, K,K and η mesons, which are shown in Table I . The h i coefficients are the low-energy constants (LECs). We fix h 1 = −1.042 using the mass difference between the B and B s mesons [23] , whereas h 3 and h 5 are free. With the inclusion of all coupled channels and the analysis of the scattering amplitudes in the whole complex plane we have found that the previously used values of h 3 and h 5 provided a too large NLO contribution with respect to LO. We recalibrate h 3 and h 5 keeping a more conservative (smaller) values. The numbers we use are h 3 = 0.25 and h 5 = −0.015 GeV −2 . In order to solve the BS equation of Eq. (1), the loop function needs to be renormalized. We keep the prescription of Ref. [9] , which consists on fixing the value of the loop function in dimensional regularization at µ = 1 GeV to the one coming from cutoff regularization for Λ = 770 MeV at the energy threshold of the lightest channel, m B + m π . In this case, the subtraction constant is set to a(µ) = −3.38. In fact, as we shall see, the combination of the free LECs and the subtraction constant are determined to reproduce a state, B 0 , with a similar mass of that found in Ref. [9] . In Table II we show the mass and width of the different J = 0 states in the B = −1 sector together with their couplings to the different meson-meson channels and the meson-meson channels that are allowed for decay. The resonance in the (S, I)=(0,1/2) sector at 5530 MeV is assigned to a wide B 0 resonance (not yet experimentally seen) in analogy to the experimental D 0 (2400) in the charm sector [24] .
1 . In Ref. [25] this resonant state is seen at 5536 MeV with a width of 234 MeV using a similar method at LO in the chiral expansion. Within the non-linear chiral SU(3) model of [26] , this state is located at 5526 MeV but no width is provided. We also observe a second narrower resonance in (S, I) = (0, 1/2) at 5827 MeV, which was overlooked in [9] . This state is identified in [25] with M R = 5842 MeV and Γ = 35 MeV, and with M R = 5760 MeV and a width of approximately 30 MeV in [26] . Moreover, we find two narrow states. The first one at 5748 MeV is seen in the (1, 0) channel, that mainly couples toBK channel. In Ref. [25] it is located at 5729 MeV while in Ref. [26] it is found at 5643 MeV. The state in the (S, I) = (−1, 0) channel lies at 5774 MeV, close to the bound state found in [26] . No state is seen in the (S, I) = (1, 1) channel, in contrast to the findings of [26] .
B
* states (J = 1)
We show in Table III [26] is also found that the 1 + spectrum resembles the 0 + sector, predicting states at 5590 MeV and 5810 MeV (S, I) = (0, 1/2), 5690 MeV for (S, I) = (1, 0), 5807 MeV in (S, I) = (−1, 0), and 5790 MeV in (S, I) = (1, 1). We generate similar states to those reported in Ref. [26] , with the exception of the resonance in the (S, I) = (1, 1) sector. In Ref. [27] , a bound state with mass of 5778 MeV was obtained in the (S, I) = (1, 0) sector, similar to our bound state at 5799 MeV. In the (S, I) = (1/2, 0) channel, two states were found in [27] with masses similar to ours. The (S, I) = (−1, 0) sector was not explored in Ref. [27] .
Note that at LO in heavy-quark expansion, the J = 0 and J = 1 sectors are decoupled [9] and that an analogous set of states to the J = 0 sector is obtained due to HQSS. In fact, the J = 0 and J = 1 states form HQSS doublets. We define a HQSS doublet as a pair of J = 0 and J = 1 states that are degenerate when HQSS is restored. Such states have similar masses, with the J = 0 state coupling strongly to a two-particle channel with one of the intervening particles being the HQSS partner of one of the particles in the dominant two-particle channel for the generation of the J = 1 state. This is the case, for example, of the B 0 (5530) and B 1 (5579), which turn out to be the bottom counterparts of the experimental D 0 (2400) and D 1 (2430), as well as the B * s0 (5748) and B * s1 (5799), these last two possibly being the bottom homologues of the D * s0 (2317) and the D s1 (2460) states, respectively.
B. Bottom baryon resonances
We follow here the approach applied in Refs. [14] [15] [16] [17] for charm quarks and recently used in the bottom sector [10] . The model obeys SU(6) spin-flavor symmetry and also HQSS [17] . This is a model extension of the WT SU(3) chiral Lagrangian [14, 16] . The extended SU(6)×HQSS WT baryon-meson interaction is given by
The i (j) are the outgoing (incoming) baryon-meson channels while M i , E i and f i stand for the baryon mass and energy, in the C.M. frame, and the meson decay constant in the i channel, respectively. The masses of baryons with bottom content used in this work are compiled in Tables I of Ref. [10] , while those of the bottom mesons and their decay constants are given in Table II of Ref. [10] . The rest of hadron masses and meson decay constants have been taken from Ref. [16] . The D
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elements are the coefficients coming from the underlying SU(8) group structure in the Appendix B of Ref. [16] , where one can identify the charm C = 1 sector couplings given there with those needed here that correspond to the B = −1 sector. In order to solve the BS equation of Eq. (1), the loop function is renormalized by a subtraction constant such that
To fix the subtraction point µ IS we apply the following prescription: µ IS is independent of J and is taken as m 2 th + M 2 th , where m th and M th , are respectively, the masses of the meson and baryon producing the lowest threshold (minimal value of m th + M th ).
We concentrate on all B = −1 sectors whereB mesons interact with N and ∆ since we are interested in studying the propagation ofB in a hadronic environment. These are the Λ b and Λ * b (I = 0; J = 1/2, 3/2), the Σ b and Σ * b (I = 1; J = 1/2, 3/2) and the (I = 2; J = 3/2) sectors. Note that the vacuum ∆-decay width has to be considered for the determination of the dynamically-generated resonances. This effect is introduced in the unitarization procedure through a convolution of theB ∆ propagator with the corresponding spectral function of the ∆ baryon, as done in Ref. [15] . Only the resonances that lie close to theB ∆ channel, as compared to the ∆ width, and that couple strongly to this system will be affected. In the Λ b sector, the following sixteen channels are involved:
Likewise for the Λ * b sector, there are eleven channels:
In both cases the channels are ordered by increasing mass thresholds.
In Table IV we show the J = 1/2 and J = 3/2 dynamically-generated states ordered by increasing mass.
In the first and second columns we present the masses and widths of these states. The next column displays the (modulus of the) couplings to the different dominant baryon-meson channels, ordered by the threshold energies. The fourth column indicates the spin of the resonance while in the last column we show the baryon-meson channels that are allowed for decay.
Results on the Λ b and Λ * b sectors have been previously discussed in Ref. [10] . However, in this latter work only the states coming from the most attractive SU (8) representations, the 120 and 168 irrep, were considered while the weakly attractive 4572 was disregarded. Moreover, the focus of this previous paper was the study of the recently discovered Λ b (5912) and Λ b (5920) states [28] . In the present paper we aim at studying theBN andB∆ interactions to analyze the corresponding scattering amplitudes and, hence, the cross sections for theB propagation in matter. Therefore, we analyze all resonant states appearing in the scattering amplitude stemming from all attractive representations for energies ranging from 5.8 GeV (close to the newly discovered states) up to 6.5 GeV.
We note that to achieve a better description of the Λ b (5912) and Λ b (5920) states reported by the LHCb Collaboration, we have slightly changed the value of the subtraction point used in the renormalization scheme [10] ,
with α = 0.967. We will use the same value α in all sectors.
We observe that several of the I = 0, J = 1/2 states are very close in energy to the I = 0, J = 3/2 ones. In particular, some of these J = 1/2 and J = 3/2 states form HQSS doublets, as previously defined. As a formal rule, states with different spin and equal SU (6) and SU(3) labels form a HQSS multiplet [10, 16, 17] . We are considering the resonances stemming from the 120 and 168 SU(8) most attractive representations as well as the 4752 SU(8) irrep, this last one with a much higher multiplicity. Thus, the analysis of the adiabatic evolution of the states from the SU(6) × HQSS symmetric point to the physical one in order to assign distinct SU(6) and SU(3) labels (in similar way as done in Refs. [10, 16, 17] for the states in the 120 and 168 irreps) is a much more tedious and difficult task, and is beyond the scope of the present paper. We have, however, restored HQSS in some cases, when the identifica-
(MeV) to main channels channels 5797.6 0.0 Several works have conjectured the existence of bottom baryonic resonances [29] [30] [31] [32] [33] [34] , most of them based on quark models. Recently baryon-meson calculations in the bottom sector using an extended hidden-gauge model have been carried out [35] . This work considers the interaction of NB, ∆B, NB * and ∆B * states with their coupled channels. The connection betweenB andB * states with nucleon and ∆ baryons is performed by requiring pion exchange, or anomalous terms, which are subleading in the large heavy-quark mass counting. The dynamics of the interaction is, though, different in our approach. In our model we consider simultaneously all baryon-pseudoscalar meson (BP ) and baryon-vector meson (BV ) channels, with J P = 1/2 + and 3/2 + baryons, using a WT type-interaction that respects SU(6) × HQSS symmetry. The potential in the BP − BP and BV − BV sectors in both models is similar although a larger coupled-channel space is considered within our scheme. Moreover, the model of Ref. [35] uses a different renormalization scheme and takes into account a suppression factor in those transitions that involve a tchannel exchange of a heavy charm vector meson, which is not required from HQSS [10] .
In Ref. [35] , six Λ b and Λ * b have been found, two of them associated to the experimental Λ b (5910) and Λ * b (5921) states with an important coupling toB * N . Moreover, their Λ b (5821), with a strong coupling toBN , was identified with our Λ b (5798) and the Λ b (5969) with a dominant coupling to Σ b π was assigned to our Λ b (6009). However, this last assignment seems dubious, since our Λ b (6009) does not couple strongly to Σ b π. The two last states Λ b (6317) and Λ * b (6316) in Ref. [35] couple strongly to Σ b ρ. We could assign them to our HQSS doublet [Λ b (6202), Λ * b (6207)] since we find an important coupling to Σ b ρ and Σ * b ρ, respectively, although our masses are smaller by 100 MeV and the widths are larger. Also, one could assign the Λ b (6317) of Ref. [35] to our Λ b (6243), due to the dominant Σ * b ρ and Σ b ρ channels. The enlarged coupled-channel space in our model allows for a different composition of the resonant states as compared to the extended hidden-gauge scheme, thus making sometimes difficult a straightforward identification of the states between the two models. In the Σ b sector, there are 22 channels
In the Σ * b sector, we find 20 channels
We show in Table V several J = 1/2 and J = 3/2 states ordered by increasing mass, in a similar way as done in Table IV It is also interesting to note that our state Σ b (5904) can be interpreted as the counterpart of the Σ * (1670) and Σ * c (2549) in the strange and charm sectors, respectively. This assignment is due to the fact that this state has a dominant ∆B component, in a similar manner as the Σ * (1670) and Σ * c (2549) resonances strongly couple to ∆K and ∆D, respectively. This state has not been found experimentally yet, but it is a clear case for discovery.
As also mentioned for the Λ b and Λ * b , the straightforward comparison with the predicted Σ b and Σ * b states of Ref. [35] is difficult in some cases. However, in Ref. [35] , the bottom counterpart of the Σ * (1670) and Σ * c (2549) could be traced to the Σ * b (5933), 30 MeV above our prediction. Moreover, our HQSS doublet [Σ b (6021), Σ * b (6028)] could be identified with Σ b (6023) of Ref. [35] . This state, however, couples most strongly tō B * ∆ while the Σ b (6021) couples dominantly to ΣB s and the Σ * b (6028) resonance couples strongly to ΣB * s . These two-particle channels are not present in the coupledchannel space of Ref. [35] , since states with strangeness and hidden strangeness are not taken into account. As seen in Table VI , we obtain three resonances with masses 5909 MeV, 6049 MeV and 6395 MeV. Whereas the first two states are mainly formed by ∆B and ∆B * , the last one mostly couples to Σ * b ρ. In Ref. [35] it was indicated that the I = 2 sector is repulsive and, thus, no dynamically-generated states can be found. However, in this previous work the Σ b ρ and Σ * b ρ channels were not considered in the coupled basis. In our model, the inclusion of these two channels provides some attraction and allows for the formation of the three dynamicallygenerated baryon-meson states.
III.B MESON PROPAGATION IN HADRONIC MATTER
In the last section we have obtained a realistic description of the interactions of aB meson with light mesons and baryons, by means of unitarized effective field theories. An immediate application is to study theB meson propagation in a dense and hot medium composed of lighter mesons and baryons.
If a hadron mixture -such as a hadron gas in heavyion collisions-is out of equilibrium, the scattering of a heavy meson with other species implies momentum loss as well as entropy production. These effects are encoded into the transport coefficients of heavy mesons and, in particular, in the medium drag force and the diffusion coefficients [36] .
In a collective description, the distribution function ofB mesons, f (t, p), obeys a Boltzmann-like transport equation, provided that the system is dilute enough and there are no correlations between collisions. In this picture, the heavy meson behaves as a Brownian particle suffering from collisions with the bath's particles. In the limit of a large Brownian mass (in comparison to the other masses), the transport equation can be recasted into a Fokker-Planck equation:
with i, j = 1, 2, 3 the spatial indices. The quantity F i is the drag force, which is a function of the heavy-meson momentum,
and Γ ij is the momentum diffusion matrix [5, 36] , Table IV , but for baryon resonances in the I = 2; J = 3/2 sector.
The collision rate w(p, k) is a remnant of the collision integral in the Boltzmann equation. It reads
whereB represents the bottom meson and l the light hadron of the thermal bath. The quantity g l stands for the spin-isospin degeneracy factor of the light hadron and n F,B (E l , T ) is the light hadron equilibrium distribution function that follows Fermi-Dirac or Bose-Einstein statistics. The invariant scattering matrix element is given by M. This is computed as
once the scattering amplitude T ij of Eq. (1) is known, with γ i = 1 for meson-meson scattering and γ i = 2M i , with M i the mass of the baryon, for baryon-meson scattering.
Assuming an isotropic bath, the transport coefficients F i (p) and Γ ij (p) can be written as
in terms of three scalar functions, F (p), Γ 0 (p) and Γ 1 (p), given by
In the so-called static limit (where theB-meson momentum goes to zero) only one of the three coefficients is independent. On one hand, the two diffusion coefficients become degenerate,
On the other hand, the Einstein relation relates F with
Apart from the transport coefficients, there exist other quantities of interest. The relaxation time τ R is defined as the inverse of the drag force:
and corresponds to the characteristic time of relaxation for the momentum distribution [7] . Moreover, the spatial diffusion coefficient (defined in the static limit)
measures the homogenization speed of bottom mesons in the position space [7] (q.v. [36] on diffusion phenomena). 
A. Transport coefficients ofB mesons
In this section we present our results on the transport coefficients for aB meson. As opposed to the charmed analogue in Ref. [6] we restrict ourselves to the case of nearly vanishing baryochemical potential. This is due to the fact that the large mass ofB mesons makes unlikely their production in colliders such as FAIR or NICA [37] , where the finite-µ B part of the Quantum Chromodynamics (QCD) phase diagram will be explored. Only for high-energy colliders such as RHIC or LHC, there is enough initial energy to produceB mesons.
The magnitude of the coefficients in Eqs. (16, 17, 18 ) is roughly determined by the product of the density of light particles and the collision rate (see also Eq. (24) for a nonrelativistic estimate in kinetic theory). Therefore, the cross section represents a fundamental piece in the computation of the drag force and diffusion coefficients. Thus, the presence of resonant structures, as those described in Secs. II A and II B, will strongly affect the final values of the transport coefficients.
In Fig. 1 we plot theBπ and NB elastic cross sections. These are the dominant cross sections due to a major abundance of pions (nucleons) with respect to the other species in the meson (baryon) sectors.
In the upper panel, we show the isospin averaged elastic cross section forBπ scattering. This cross section can be compared to our previous computation in Ref. [9] . As seen in [9] , we find that the cross section is dominated by the presence of the B 0 resonance at √ s = 5530 MeV. There exist, however, two clear differences between our current calculation and the previous one. First, the overall magnitude of the current cross section is slightly smaller than that in our previous reference. This is related to new choice of low-energy constants h 3 , h 5 and the subtraction constant. The second difference is the clear depression around √ s = 5830 MeV. This feature corresponds to the opening of theB sK channel at √ s = 5862 MeV as the resonance at 5827 MeV starts to form.
In the lower panel we display the isospin-averaged NB cross section. Note that the magnitude of the cross section is of the same order as the one for the pions away from the B 0 peak. The behavior of the cross section is quite smooth except in the energy region around √ s = 6360 MeV, where the I = 0 6361 MeV and the I = 1 6359 MeV resonances appear. These states couple to NB having a very small width and, thus, the average cross section varies abruptly in a small energy domain.
The cross sections in Fig. 1 (to be precise, the squared scattering amplitudes) together with those for theB mesons interacting with K,K, η and ∆ are needed to calculate the transport coefficients of Eqs. (16, 17, 18) . We start by considering the zero baryochemical potential, µ B = 0 case, in order to compare with our previous work in Ref. [9] 2 . In the upper panel of Fig. 2 we show the drag force F as a function of temperature (T ) at µ B = 0 and p = 100 MeV. Only theB-light meson (π, K,K, η) scattering has been taken into account in this case.
In spite of the addition of more channels in the unitarization procedure and the modification of the LECs and the subtraction point, the final result of the drag force is similar to the one in Ref. [9] . As seen in [9] , the calculations of [8] differ from our results due to the simplified input used for the scattering amplitudes. We have also checked that the inclusion of theB scattering with N and ∆ makes no appreciable difference in the µ B = 0 case. As a matter of fact, the resulting curve lies on the top of the one presented here, making the baryonic contribution totally negligible. With regard to the diffusion coefficients in the static limit (Γ 0 = Γ 1 ), the Einstein relation provides them in terms of the drag force F .
In order to analyze the contribution of baryons to the transport coefficients, one has to increase the baryochemical potential. However, a large baryochemical potential 2 The scattering amplitudes and, hence, cross sections might be modified in matter due to finite density and temperature effects. The study of these modifications is, however, left for future work in order to carry a detailed many-body calculation of the scattering amplitudes in matter. This effect is, in any case, subdominant. is of very limited interest asB mesons are difficult to produce in low-energy heavy-ion collisions, where the finite µ B regime of the QCD phase diagram is probed. In the lower panel of Fig. 2 we plot the drag force at different baryochemical potentials for the same range of temperatures as the upper one and again at fixed p = 100 MeV. As the absolute value of this coefficient is negligible with respect to the contribution from mesons, we have decided to normalize it with respect to the µ B = 0 case. In this way, we can verify the simple relation,
T (MeV
with z = e µ B /T being the fugacity [6] . The numerical results using Eq. (16) are shown with symbols for µ B = 20, 40, 60, 80, 100 MeV. On top of the computation, we have plotted the analytical function e µ B /T for the same values of the baryochemical potential. The agreement between the two is excellent, providing a numerical check of Eq. (23) (a similar expression also holds for the diffusion coefficient). Note that this expression is only valid for the pure baryonic contribution, still very small compared with the mesonic contribution for low temperatures (Boltzmann suppression) and low baryochemical potentials (small net baryonic density). In what follows we will present our results of the transport coefficients including all species (π, K,K, η, N, ∆). First, we explore their momentum dependence at constant µ B = 0 and T = 140 MeV. The results for the three transport coefficients are shown in Fig. 3 . In this case, the two diffusion coefficients are not degenerate anymore, although the fluctuation-dissipation theorem still relates the three transport coefficients [5, 36] . These results are compatible with the ones in Ref. [9] , being our result systematically smaller because the temperature is now T = 140 MeV.
So far we have shown the transport coefficients that appear in the Fokker-Planck equation. These coefficients serve as inputs for the numerical propagation of the heavy meson in a hadronic environment based on Langevin dynamics [38, 39] . Alternatively, we present other quantities that possess a more physical insight. In particular, we pay attention to the relaxation time τ R and the spatial diffusion coefficient D x . These coefficients can be computed in terms of F , Γ 0 and Γ 1 , according to Eqs. (21, 22) . We concentrate on physical trajectories in the QCD phase diagram for the hadronic medium created at RHIC/LHC collisions, with a large entropy per baryon being constant. As a limiting case, we present results for a typical FAIR trajectory at its highest energy, with a fixed entropy per baryon around s/n B = 30 [40, 41] . Three characteristic trajectories are shown in Fig. 4 for fixed entropy per baryon s/n B = 30, 100 and 300. The last two are the predicted values for collisions at RHIC [41] . At high T , the lines get closer to the µ B = 0 trajectory (thermal evolution of the early universe) as long as we increase the entropy per baryon. At low temperatures all the curves bend towards large µ B .
In the upper panel of Fig. 5 we show the relaxation time τ R = 1/F . Because τ R is much larger than the lifetime of the system [42, 43] , the bottom can hardly relax during the fireball expansion. In other words, the collisions with other particles are not enough to appreciably reduce the average momentum. The three curves are quite similar in the whole range of temperatures. In fact, we have added the limiting case of µ B = 0 that corresponds to s/n B → ∞ and check that it is almost indistinguishable from the curve of s/n B = 100. For collisions with larger baryonic density (lower entropy per baryon) the relaxation time is smaller, because the heavy meson scatters more, but not enough to represent a efficient mechanism of relaxation.
One can also compare these results to those for the charm case in Ref. [6] . The drag coefficient naively scales with the inverse mass of the heavy meson
where P is the pressure of the bath, σ is the total cross section and m l is the mass of the bath's particles. Assuming comparable interactions (i.e. similar cross sections), we expect τ R (bottom)/τ R (charm) ∼ m B /m D 2.8. Comparing with the curve of s/n B = 30 in Ref. [6] , one can check that this is indeed satisfied (the breaking of this scaling can be accounted by differences in the cross sections). As a representative value for the bottom case we can quote a relaxation time of τ R (bottom) = 67.9 fm for T = 140 MeV at s/n B = 30. This value has to be compared with τ R (charm) = 28.3 fm at the same temperature and entropy per baryon [6] . Finally, in the lower panel of Fig. 5 we plot the spatial diffusion coefficient D x . This coefficient is multiplied by the thermal wavelength (2πT ) to form an adimensional number, like the Reynolds or the Knudsen numbers. The results are again quite independent of the entropy per baryon as long as the collision energy is high enough. In conclusion, our results can be taken as prediction for the hadronic medium created at high energy collisions (like those at the RHIC or the LHC) independently of the precise value of the entropy per baryon of the trajectory.
IV. CONCLUSIONS
We have studied the interaction and propagation ofB mesons in hadronic matter made of light mesons, N and ∆, by means of a unitarized approach based on effective models that are compatible with chiral and heavy quark symmetries.
We have examined theB scattering with mesons and baryons by analyzing the dynamically generated states in the meson and baryon sectors where theB meson and its HQSS partner, theB * meson, are present. In the open bottom meson sector there is a strong resemblance between the 0 + and 1 + spectrum due to HQSS. Among others, we have found two non-strange resonances that form a HQSS doublet, the B 0 (5530) and B 1 (5579) states, which turn out to be the bottom counterparts of the experimental D 0 (2400) and D 1 (2430), respectively. These resonances have not been experimentally observed yet. Moreover, another doublet with strangeness, B * s0 (5748) and B * s1 (5799), can be identified as the bottom analogues of the D * s0 (2317) and the D s1 (2460). For baryons we have also determined several J = 1/2 and J = 3/2 states in the Λ b and Σ b sectors which form HQSS doublets. This is the case of the Λ b (5910) and Λ * b (5921), which can be identified with the states observed by the LHCb collaboration [28] . Furthermore, we have associated one of our states, the J = 3/2 Σ * b (5904) to be the bottom counterpart of the strange Σ * (1670) and charmed Σ * c (2549) resonances, though not experimentally detected yet but a clear case for discovery.
Next we have analyzed different transport coefficients that describe the propagation ofB mesons in hadronic matter. We have shown the drag and diffusion coefficients for vanishing baryochemical potential, which serve as inputs for the numerical propagation of the heavy meson in matter produced at high-energy colliders like RHIC or LHC. At µ B = 0 the main contribution to the drag and diffusion coefficients comes from the interaction ofB mesons with pions as the thermal bath is mainly populated by this species. Alternatively, we have also presented other quantities that possess a more physical insight, such as the relaxation time τ R and the spatial diffusion coefficient D x for isentropic trajectories within the QCD phase diagram. These trajectories range from the region explored by the RHIC and LHC experiments up to FAIR at its top energy. We have checked that the naive scaling of the relaxation time with the inverse mass of the heavy meson is fulfilled. Moreover, although the relaxation time is smaller with larger baryonic density, theB meson can hardly relax to the equilibrium. Indeed, our results can be taken as predictions for the hadronic medium created at high energy collisions (like those at the RHIC or the LHC) independently of the precise value of the entropy per baryon of the trajectory as long as the collision energy is high enough.
